0.23; p = 0.060). Additionally, fellows who participated in the simulation training demonstrated improved competence in performing the renal biopsy procedure in patients. Successful retrieval of renal tissue per pass was 94% (vs. 73% in fellows who did not participate in this simulation training; p = 0.002) and procedure-related blood loss was reduced as indicated by smaller postbiopsy versus prebiopsy hematocrit decline (1.18 vs. 2.68; p = 0.049). Conclusion: Renal biopsy simulation training may improve trainees' confidence and reduce the severity of biopsy-associated bleeding complications in patients.
cal resident performance in the operating room when simulation is used to supplement traditional surgical residency training [2] [3] [4] . As a result of surgical simulation successes, this form of training has spread into medical subspecialties and, effective as of July 2012, simulation training became one of the Accreditation Council for Graduate Medical Education (ACGME) requirements for Nephrology Training Programs [5] .
Percutaneous kidney biopsy is an important tool in the evaluation and management of renal disorders. Consequently, the ACGME program requires that both pediatric and internal medicine nephrology fellows develop competent biopsy skills for autologous and transplanted kidneys through formal instruction and clinical experience [5] . However, as an invasive procedure, renal biopsy can be associated with significant adverse, even lethal outcomes (reviewed in [6] [7] [8] ). To improve renal fellows' procedural skill competence in renal biopsy, we have developed an inexpensive, logistically straightforward simulation tool (a porcine kidney inserted under turkey breast) that mimics the characteristics of renal biopsy conditions in human patients in terms of kidney size, depth, tissue echogenicity and overall structural characteristics, and is thus suitable for training of real-time ultrasound-guided renal biopsy [9] . The use of this tool for initial renal biopsy training, as well as for maintenance of already acquired skills, has received overwhelmingly positive feedback from fellows in major adult and pediatric nephrology training programs.
To formally evaluate the utility of this simulation tool for improving trainees' confidence in performing renal biopsy, we have quantitatively assessed the confidence level of renal fellows before and after their initial renal biopsy simulation training. Subsequently, we determined the effect of this simulation training on trainees' procedural competence by comparing outcomes of clinical renal biopsies performed by a cohort of fellows who did versus those who did not participate in the simulation training.
Methods

Real-Time Ultrasound-Guided Renal Biopsy Simulation
After an initial review of the basic principles of ultrasonographic guidance and renal biopsy procedures, the fellows observed an experienced operator perform several real-time ultrasound-guided biopsies using a simulation tool (a porcine kidney/ turkey breast phantom) [9] . After that, individual fellows practiced real-time ultrasound-guided renal biopsy procedure repeatedly until they attained reasonable accuracy and gained confidence. Guidance and feedback were provided in real time by the experienced operator.
This simulation was performed using a standard ultrasound imaging instrument (Diagnostic ultrasound system Aplio Model SSA-770A; Toshiba Medical Systems Corporation, Tochigi-Ken, Japan). Biopsies were performed with semi-automatic needles (Bard MaxCore Instrument with 18G, 20 cm long needle, 22 mm through; C.R. Bard, Inc., Murray Hill, N.J., USA).
Evaluation of Trainees' Confidence in Performing Renal Biopsy
The confidence of renal fellows was evaluated before and after the simulation training. This evaluation was based on presimulation and postsimulation surveys completed by all first-year nephrology fellows participating in the annual renal biopsy simulation training during the initial 2 months of their training (academic year 2010-2012). In both surveys, the fellows were asked to rate their level of comfort performing a real-time ultrasoundguided renal biopsy under the supervision of an attending on a five-point scale (1) (2) (3) (4) (5) . For easier presentation of the results, the scores were transformed to a 0-100 scale for analysis and reporting.
Evaluation of Trainees' Clinical Competence in Performing Renal Biopsy
The effect of this simulation training on trainees' procedural competence was evaluated by comparing outcomes of renal biopsies performed by fellows before and after the implementation of the simulation training into the curriculum in 2010. To eliminate extraneous sources of variability and maximize the equivalence of the two groups, only biopsies performed under the supervision of the same attending during the fellows' first month of performing renal biopsy procedures were included. Thus, presimulation data consist of 21 biopsies conducted by 8 fellows during 2006-2009, and post-training data include 32 biopsies performed by 10 fellows in 2010-2011. All biopsies were performed with a similar ultrasound-guided technique using the Toshiba Diagnostic ultrasound system Aplio Model SSA-770A, Bard Max Core 16G semiautomatic needle, and were supervised by the same attending physician. The biopsy was performed only on those patients who had low risk for bleeding complications, as indicated by coagulation profile that was obtained together with complete blood count prior to the renal biopsy procedure. The number of needle passes and renal tissue cores was documented for every biopsy. Postbiopsy vital signs of these patients were closely monitored and follow-up hematocrit values were obtained.
To evaluate the effects of simulation training on procedurerelated blood loss, changes in pre-and postprocedure laboratory data that are routinely obtained as a part of the pre-and postbiopsy evaluation were obtained. These data include hematocrit (Hct) as well as coagulation profile (prothrombin time and partial thromboplastin time). The study was approved by the University of Alabama at Birmingham Institutional Review Board.
Statistical Analyses
Statistical evaluations were performed with SPSS 11.5 and SAS 9.1 statistical software packages. Changes in fellows' confidence from before to after the simulation training were analyzed with the nonparametric Wilcoxon signed rank test. The effects of previous renal biopsy experience and the effectiveness of training across levels of prior experience on fellows' confidence were tested with a 2 (experience) ! 2 (time) mixed ANOVA. Before ana-lyzing biopsy success and patient outcomes for fellows who did versus those who did not receive the simulation training, we first tested patient and fellow differences across the two simulation groups with 2 tests of association for categorical variables (patient and fellow gender, intravenous fluid administration and inpatient vs. outpatient status) and with general linear models for continuous variables (patient age, PT, INR, PTT, prebiopsy Hct). Biopsy outcomes of trainees who did versus those who did not receive the simulation training were analyzed with mixed general linear models predicting biopsy success and differences in pre-versus postbiopsy hematocrit, adjusting for clustering of biopsies within individual fellows. The biopsy success analysis included fellow gender as a covariate. The Hct analyses included prebiopsy levels of Hct as a predictor.
Results
Real-Time Renal Biopsy Simulation Improves Trainees' Comfort Level
To determine the simulation training effects on trainees' comfort level, we compared trainees' comfort level with performing renal biopsy before and after the simulation training (n = 16). fig. 1 a) .
Because four fellows (25%) had previously performed renal biopsies (all ultrasound-guided), we further tested whether improvement in confidence differed between those with and without previous renal biopsy experience using a 2 (experience) ! 2 (time) mixed ANOVA. fig. 1 b) .
Real-Time Renal Biopsy Simulation Improves Trainees' Competence and Reduces Biopsy-Associated Blood Loss
To examine the effects of the simulation training on fellows' competence and patients' outcomes, we compared clinical data on renal biopsies conducted by fellows before and after the ultrasound-guided renal biopsy simulation training was implemented by the program. To reduce variability, these analyses only included a subset of biopsies performed by renal fellows during the first month of performing this procedure, using identical ultrasound-guided technique and supervision by the same attending physician (total 53 biopsies conducted by 18 fellows, 21 presimulation and 32 postsimulation; average 3 biopsies per fellow, range 1-8). Two competence outcomes were utilized: (1) the success rate in retrieving the renal biopsy core (number of retrieved renal biopsy core pieces divided by the number of passes), and (2) procedure-related blood loss, reflected by declines in hematocrit levels after the biopsy (there was no major bleeding complication in this group of patients).
First, we compared whether the two groups of fellows who did (n = 10) and did not receive (n = 8) the simulation training differed in fellow and patient characteristics. The two groups differed in fellow gender (94 vs. 2 (1) = 0.579; p = 0.447). Because the two groups differed in fellow gender, we examined whether fellow gender was related to any outcomes. Overall, male fellows had higher success rates than female fellows (0.90 vs. 0.69; t = (-2.29); p = 0.036). However, there were no gender differences in patient Hct declines (males vs. females: Hct 1.81 vs. 2.32; t = 0.53; p = 0.604). Thus, only the analyses of success rate included fellow gender as a covariate.
After adjusting for fellow gender, fellows who received the simulation training had higher success rates in retrieving biopsy core pieces per pass than those who did not receive the training (0.94 vs. 0.73 pieces per pass; t = (-3.75); p = 0.002; fig. 2 a) . The post-versus prebiopsy Hct decline was significantly lower for fellows who received the simulation training (1.18 vs. 2.68; t = 2.13; p = 0.049; fig. 2 b) .
Together, these data suggest that the renal biopsy simulation training using a pork kidney/turkey breast phantom [9] improves trainees' confidence and reduces the severity of biopsy-associated bleeding complications in patients.
Discussion
We have demonstrated that a renal biopsy simulation training using a pork kidney/turkey breast phantom improved trainees' confidence and reduced the severity of biopsy-associated bleeding complications. These observations are consistent with the effects of other simulation-based medical education approaches that allow the learner to acquire confidence in specific clinical skills by practicing such skills in simulated preselected clinical scenarios [10] . Surprisingly, we noticed improvement in confidence also among trainees who had prior experience with ultrasound-guided renal biopsy procedures. This finding may be explained by the relatively quick confidence loss that occurs among experienced operators required to perform a difficult task [11] . Similarly, our observation of male fellows having higher success rates in retrieving a biopsy core per pass during ultrasound-guided renal biopsy is consistent with more developed perceptual abilities in males [12] . However, in the current study, this gender difference in biopsy success rates did not translate to postbiopsy complications, as reflected by post-versus prebiopsy Hct decline. A major limiting factor of the present study is the relatively small number of fellows being studied, which limited statistical power to detect smaller effects and potentially introduced selection bias. Additionally, it did not allow the inclusion of potentially important covariates, such as the academic year of each fellow class. However, enrolling more fellows into the study would require extending the study by several years. Alternatively, fellows could be recruited from multiple training programs, but this approach also has important limitations. For example, a substantially higher number of fellows would be required to compensate for training center-specific variability in didactic approach and kidney biopsy technique (e.g. biopsy needle type, gauge, desired number of tissue pieces and target prebiopsy clinical indices such as BP or INR), as well as site differences in fellow and patient characteristics. Since US nephrology training programs have on average 3-4 new fellows per year, a large number of programs would have to participate in the study, introducing large amount of extraneous variability as well as challenges with project coordination, quality assurance, and data security. In addition, an ideal design should include random assignment of fellows to simulation training (experimental) group and no simulation training (control) group. These issues, together with the ACGME requirement to integrate simulation into the training curriculum, prompted us to evaluate and report the effects of renal biopsy simulation training at a single, homogenous setting using a sample that is relatively small, yet provides sufficient statistical power to detect clinically meaningful effects.
In summary, we have studied the effects of simulation training using a pork kidney/turkey breast phantom. We observed that such training improves trainees' confidence in performing real-time ultrasound-guided biopsy and that the fellows' confidence has improved regardless of prior experience performing renal biopsy procedure. Additionally, the simulation training improved fellows' competence in performing the renal biopsy procedure in patients, as reflected by higher likelihood of successful retrieval of renal tissue per pass and reduction of postbiopsy Hct decline. Together, these data suggest that a turkey breast/pork kidney phantom-based simulation training of real-time ultrasound-guided renal biopsy improves trainees' confidence and reduces the severity of biopsyassociated bleeding complications in patients.
